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Policy support and biodiversity assessment
Meet two famous researchers from the early days of biodiversity research: Charles Darwin and
Alexander von Humboldt. Darwin developed a powerful theory, using a limited amount of data
by modern standards. Humboldt, in contrast, compiled a “Cosmos” of data without developing a
major theory, although some of Humboldt’s observations on latitudinal biodiversity gradients (von
Humboldt, 1808) were later used to develop theory. This tension between data and theory still
persists today and is perhaps becoming more acute.
We are on the verge of a major biodiversity crisis (Pimm et al., 2014; Steffen et al., 2015),
and biodiversity research is receiving increased attention and funding worldwide. National and
international political frameworks are changing, resulting in an impressive increase in coordinated
biodiversity assessment initiatives. There is also an increasing number of experimental studies on
functional biodiversity research; many of them require massive infrastructure investments and are
admirable logistical achievements of the biodiversity research community. Nevertheless, they are,
by necessity, restricted in space, time, and structural complexity. The linkage between global assess-
ment centers and experimental setups is weak or not as strong as it could be at present because, as
we argue here, they lack a shared theoretical background. On the one hand, an enormous amount
of data is gathered without explicit reference to theory, whereas on the other hand there are the-
ories that would benefit from more empirical studies. Building on recent calls for guidelines for
biodiversity research (Perrings et al., 2011) we propose a theory-guided development of biodiver-
sity research and assessment strategies to help advance this field into a scientific discipline, which
in turn may advance conservation and management strategies.
Data without Theory
Natural history museums around the world are crammed with primary biodiversity data,
collected over centuries, usually without a specific theoretical question. Together with the
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huge number of observational data gathered by professionals and
laymen, a decent picture of global biodiversity patterns emerges.
These data are precious, especially because they are increas-
ingly made publically available through initiatives such as GBIF
and others (Table 1). Numerous publications currently use GBIF
data, mostly targeting conservation issues. But the GBIF data are
rarely used for hypothesis testing, let alone the development of
theory.
We use “theory” here in the pluralistic sense for ecology (Pick-
ett et al., 2007): a system of conceptual constructs, prone to con-
tinuous refinement, which is linked to observable phenomena
via causal explanation, generalization, and testing within a spec-
ified domain. Theory should not be mistaken for (numerical)
modeling, which is merely one component of theory-building.
We need theory because it is at the core of understanding
in science (Pickett et al., 2007). Only a continuous iteration of
testing data against theory-derived hypotheses will allow for a
more in-depth and generalized view of biodiversity and ecosys-
tem functioning. Owing to limited resources, such generaliza-
tion will always be necessary, even with continuous development
of high-throughput techniques (e.g., for metagenomics). In this
sense, theory may enhance the speed of knowledge gain, help
sharpen the profile of biodiversity research as a scientific disci-
pline, and prevent biodiversity research to be used as a buzzword
that runs the risk of vanishing once funding priorities shift. Some
might argue we have already an over-abundance of theory in bio-
diversity research. Do we really needmore concepts and theories?
To the contrary, we do not envision more theory but a better
integration of empirical research and theory directly aiming at
solving pressing problems, for example in conservation biology.
Our call for theory goes beyond a call for hypothesis-
driven research. Many, if not all, studies operating within
TABLE 1 | Examples of biodiversity initiatives and their respective scopes (sorted alphabetically by acromyn).
Initiative Acronym and website Scope and data
All taxa biodiversity inventory ATBI (http://urlm.co/www.atbialliance.org) Biodiversity of American National Parks
Biodiversity of freshwater ecosystems BioFresh (http://www.freshwaterbiodiversity.eu) Global freshwater biodiversity information platform and atlas
(more than 10 million records)
DIVERSITAS
(Now integrated into future earth)
DIVERSITAS
(http://www.diversitas-international.org/)
(http://www.futureearth.org/)
Integrating biodiversity science for human well-being
Research for global sustainability
European distributed institute of taxonomy EDIT (http://www.e-taxonomy.eu/) Taxonomic framework of biodiversity data
Global biodiversity information facility GBIF (www.gbif.org) Mobilizing collection and observation data (526 million
records)
Biodiversity observation network GEOBON
(http://www.earthobservations.org/geobon.shtml)
Gathering observational data (unknown number of data)
Global ocean biodiversity initiative GOBI (http://www.gobi.org/) Marine biodiversity monitoring and conservation
Intergovernmental science-policy platform on
biodiversity and ecosystem services
IPBES (http://www.ipbes.net/) Connecting biodiversity science and politics
International union for conservation of nature IUCN (http://www.iucn.org) Global status of biodiversity (e.g., red list of threatened
species)
Map of life MOL (http://mol.org) Monitoring and modeling of species distributions
Paleobiology database PaleoDB (http://paleobiodb.org) Fossil diversity data (1.2 million records)
The economics and of ecosystems and biodiversity TEEB (http://www.teebweb.org/) Assessing the economic value of biodiversity and
ecosystem services
the hypothesis-testing framework examine relatively narrow
hypotheses, often aimed at falsification. These are not necessar-
ily linked to larger theoretical concepts and are often too specific.
Merely hypothesis-driven data collection approaches in com-
plex systems might thus be prone to biases depending on the
selection of the target variables (Kitsios and Zintzaras, 2009).
The main criterion to distinguish theory-driven research and
hypothesis-driven research is generalizability. Generalizability is
a call for abstraction of factors and a move away from the notion
of “uniqueness of place” (Beven, 2000). Sometimes this may be
just a change in perspective for even the same given study: at
parity of scientific quality of a study, this effort to generalize rep-
resents an added value when feedback to theory refinement is
discussed.
Theory without Data
Ever since Hutchinson (1961) raised the paradox of diversity:
“that the number of species in many systems greatly exceeds the
number of limiting resources,” a significant number of theories
tried to explain the coexistence of species in diverse systems. The-
ory development in community ecology has been so rapid in the
past decade that empirical data, including tests of theory, are
sorely needed (Agrawal et al., 2007).
There is a rich gradient of partly contrasting and partly over-
lapping biodiversity theories ranging from equilibrium or non-
equilibrium concepts of niche separation (Chase and Leibold,
2003; Holt, 2009) to Hubbell’s hotly debated “neutral theory”
of biodiversity (Hubbell, 2001). In addition, the appropriate
basic functional level of biodiversity is under debate: most cur-
rent theoretical perspectives choose the individual scale or the
level of species traits. Trait-based approaches, i.e., characterizing
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organisms in terms of their multiple biological attributes such
as physiological, morphological, or life-history traits, promise to
open new avenues in linking theories with data (Agrawal et al.,
2007; Jeltsch et al., 2008) and are expected to strengthen theoret-
ical linkages between community and ecosystem ecology (McGill
et al., 2006; Reiss et al., 2009; Krause et al., 2014).
While there are several approaches for integrating and synthe-
sizing some of the existing biodiversity theories there is currently
no comprehensive “grand theory” which unifies all facets and
fields of biodiversity research (McGill, 2010) This is not surpris-
ing given the relative youth of biodiversity research as a focal sci-
entific topic. Theorymaturation requires the continuous dialogue
between observable phenomena and conceptual constructs (Pick-
ett et al., 2007). Whereas some biodiversity theories or their com-
ponents have been frequently tested against observational data
(e.g., the “neutral theory” of biodiversity, Dornelas et al., 2006;
Cardinale et al., 2009; Jabot and Chave, 2009), others still lack
empirical testing, mainly due to logistic complexity. An exam-
ple of the latter are theory components that require experiments
at the landscape level, such as manipulations of dispersal kernels
that permit the distinction between the diversity gains by species
immigration (Loreau and Mouquet, 1999) and related losses by
reduced species segregation at larger scales (Bolker and Pacala,
1997). Especially challenging are questions concerning the mech-
anisms affecting biodiversity at different spatiotemporal scales
and how they depend on the overall species pool. Other exam-
ples include tests of the proposed relevance of facilitation and
mutualism in shaping diversity pattern across scales (Bruno et al.,
2003) or the broad application of biodiversity theory in microbial
ecology (Prosser et al., 2007).
Current integrated initiatives in monitoring and experimental
biodiversity research offer, in principle, the unique opportunity to
fill such gaps in theory testing and refinement. These initiatives
could build platforms for truly integrative biodiversity research
that is oriented toward conceptual clarity, unification and gener-
alization. However, this requires a more prominent role of theory
in the earliest phases of program development and evaluation.
Conclusions
Biodiversity research has started as a rather unconnected
combination of several disciplines (e.g., ecology, evolution,
taxonomy, paleobiology) with separate subdisciplines, traditions
and research foci. To successfully integrate this disciplinary diver-
sity and to eventually become a self-contained discipline, biodi-
versity research needs to invest in the development of a mature
body of theory. As welcome and needed as current biodiversity
initiatives are, many lack this clear orientation toward linking
empirical and theoretical approaches and theory-driven under-
standing.
More flexible frameworks for biodiversity monitoring and
data collection schemes are needed that contribute to and inte-
grate advances in theory development and that are driven by the
search for deductive or causal laws and empirical generalizations.
Beyond the search for empirical patterns, they should include
data collection on functional features, integrate experiments and
modeling efforts related to theory testing and refinement, and
allow for flexible funding allocation and feedbacks between the
combined approaches.
A giant leap toward an integration-oriented and theory-driven
biodiversity science would be the critical evaluation of research
proposals: panels should check whether research questions and
hypotheses clearly relate to biodiversity theory, and, importantly,
how the expected results will feed back into theory enhance-
ment. Moreover, future funding frameworks in the field of bio-
diversity research should explicitly integrate or even focus on
theory testing and development and on the education and train-
ing of young researchers in this field. A first obstacle to over-
come here is the fact that some funding agencies may work
with too simplistic concepts of what constitutes theory (May,
2010).
Theory, with its demand for conceptual clarity, its provision of
models of how biological systems are put together and how they
work, is likely to be the most promising tool to prepare biodiver-
sity science for the challenges of the coming decades. Theremight
be a general “theory-aversion” among biodiversity researchers,
because theories are thought to oversimplify the real world, dif-
ferent rules seem to operate at different scales, and most biodi-
versity theories are stochastic rather than deterministic (McGill,
2010). To overcome this aversion we all need a bit more of the
spirit of Darwin combined with Humboldt.
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